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(54) Heat shield and filter

(57) The invention relates to a device for pulsed laser
deposition, which device comprises:

- a substrate mount with a substrate mounting surface
for a substrate;

- a target mount for a piece of target material arranged
substantially parallel to and at a distance from the sub-
strate mount;

- a laser device for directing a laser beam on a piece of
target material mounted on the target mount, such that
a plasma plume of target material is generated and de-
posits on the substrate; and

- afirst shield arranged between the substrate mount and
the target mount for shielding the target, wherein the first
shield comprises at least one passage opening for pas-
sage of at least the generated plasma plume; and

- a rotating wheel having at least one passage opening
extending from one side of the wheel to the opposite side,
wherein, seen in the direction perpendicular to shield sur-
face with the passage opening, the wheel overlaps with
the passage opening in the shield and the path of the
passage opening in the wheel overlaps with the passage
opening in the shield.
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Description

[0001] The invention relates to a device for pulsed la-
ser deposition.

[0002] Pulsed laser deposition (PLD)is a known tech-
nique for arranging a coating on an object. With this tech-
nique material of a target material is ablated by a laser,
such that a plasma plume of this target material is gen-
erated. This plasma plume then is deposited on a sub-
strate resulting in a coating of the target material on the
substrate.

[0003] PLD was at first developed for coating small
substrate surfaces, typically 10 millimeters by 10 millim-
eters. This is typically used in research environments,
where small substrates are coated with all kinds of ma-
terials with high thin film quality.

[0004] Resulting from thisresearch a need to coatlarg-
er surfaces originated. This has resulted in innovative
techniques with which surfaces having a typical diameter
of several inches or more can be coated.

[0005] In order to coat some substrate materials with
PLD with the correct material properties, such as crystal
structure and texture, it is often necessary to heat the
substrate to temperatures of typically 200°C - 1000°C.
[0006] When asmall substrate surface of about 10x10
millimeters is heated up to 200°C - 1000°C, the heat ra-
diation does not influence too much the target material
arranged opposite to the substrate material. However,
as the size of the substrate surface is increased, the heat
radiation is also increased resulting in an unacceptable
influence on the target material. This could resultin early
evaporation of components of the target material, such
that the deposited coating on the substrate is of another
composition than the original composition of the target
material.

[0007] Anotherproblem with PLD is thatthere are side-
products formed during the laser evaporation process.
These side products or so-called particulates or droplets
have a lower speed compared to the plasma especially
near the target area. The speed difference between the
plasma and the slow particulates relates to the process
conditions. Speeds of the particulates vary from 1-300
m/sec while the plasma speed directly from the target is
in the order of 500-20.000 m/sec. The plasma speed de-
pends on the pressure in the chamber and the distance
from the target. The side products are substantially orig-
inating from the target as a point-source while the plasma
is more oriented in the target-substrate direction.
[0008] Particulates or so-called droplets during laser
ablation are very common and will be co-deposited on
the substrate as well , which influence the thin film quality
of the PLD process. These particles generate all kinds
of unwanted defects in the film. Especially if PLD is used
to deposit large substrates and the beam is scanned the
contribution of particles in and on the film increases.
[0009] Itis an object of the invention to reduce the ef-
fects of the above mentioned particles or so-called drop-
lets.
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[0010] This object is achieved by the invention with a
device comprising:

- asubstrate mount with a substrate mounting surface
for a substrate;

- atarget mountfor a piece of target material arranged
substantially parallel to and at a distance from the
substrate mount;

- alaser device for directing a laser beam on a piece
of target material mounted on the target mount, such
that a plasma plume of target material is generated
and deposits on the substrate; and

- afirst shield arranged between the substrate mount
and the target mount for shielding the target, wherein
the first shield comprises at least one passage open-
ing for passage of at least the generated plasma
plume; and

- arotatingwheelhaving atleast one passage opening
extending from one side of the wheel to the opposite
side, wherein, seen in the direction perpendicular to
shield surface with the passage opening, the wheel
overlaps with the passage opening in the shield and
the path of the passage opening in the wheel over-
laps with the passage opening in the shield.

[0011] The first shield provides a shield for the major
part of the substrate and the passage opening provides
access for the plasma plume, which is intended for only
a small part of the surface. The shield accordingly shields
off some of the unwanted particles.

[0012] The first shield also protects the substrate and
target from heatirradiated from the heated target material
as well as heatirradiated from the heated substrate. Pref-
erably the first shield is cooled to further protect the sub-
strate and target from heat.

[0013] The rotating wheel provides a filter for the plas-
ma plume. As the plasma plume has a substantial higher
speed, than the undesired particles or droplets, the pas-
sage opening in the wheel can be controlled such, that
the plasma plume can go from the target material through
the passage opening in the first shield and through the
wheel to the substrate, while the wheel can close off the
passage as soon as the undesired particles or droplets
arrive. These droplets will then be caught by the wheel
preventing a film being formed on the substrate by the
undesired particles or droplets.

[0014] Inapreferred embodiment of the device accord-
ing to the invention, a second shield is arranged parallel
to the first shield and on the opposite side of the wheel,
wherein the second shield comprises at least one pas-
sage opening, which overlaps with the at least one pas-
sage opening in the first shield.

[0015] The second shield can further reduce the heat
radiation to the substrate as well as the target and can
further shield off particles arriving at the substrate.
[0016] Preferably, thefirstshield and the second shield
are connected at the circumference by a side wall. A
housing is formed by both shields and the side wall, such
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that the rotating wheel is protected. The wheel has a typ-
ical rotation speed of 10Hz - 1000Hz, which increases
safety of the PLD device.

[0017] Inanother embodiment of the device according
to the invention the passage opening in the heat shield
closest to the target mount is smaller than the passage
opening in the heat shield closest to the substrate mount.
The plasma plume originates as a point source from the
target, such that a small passage opening is needed in
the shield closest to the target mount. The surrounding
particles and droplets are then already partially blocked
just by a small passage opening.

[0018] In another preferred embodiment of the device
according to the invention, the wheel comprises a hub
with a number of vanes evenly distributed over the cir-
cumference of the hub. The space between the vanes
provide passage openings for the plasma plume to pass
the rotating wheel, while the lagging cloud of undesired
particles is wiped away by the following vane from the
wheel.

[0019] Preferably, the vanes ofthe wheel have a trans-
verse cross section with a uniform thickness, such that
the displacement of air by the vanes is minimized. If the
cross section of a vane in the travel direction of a plasma
plume, is constant, the aerodynamic lift effect is not ob-
tained, such that the ambient air is not being propelled,
which would otherwise result in undesired airflows within
the PLD device, which would disturb the depositing of
the plasma on the substrate. The thickness of the vanes
in longitudinal direction could vary for example due to
strength and stiffness requirements.

[0020] Preferably the number of vanes is a prime
number. This ensures thatthe particles being wiped away
by the vanes is evenly distributed over the prime number
of vanes. Accordingly, the stability of the rotating wheel
is not affected by the additional particles being deposited
on the vanes.

[0021] Yet another embodiment of the device accord-
ing to the invention comprises a controller for controlling
the laser beam dependent on the position of the passage
opening in the wheel. The controller ensures that the la-
ser is fired at exactly the correct moment, such that the
filtering action of the wheel is optimized. The passage
opening in the wheel should just close of the passageway
as soon as the plasma plume has passed the wheel and
the cloud of droplets is still present within the passage
opening in the wheel or even in front of the wheel.
[0022] These and other features of the invention will
be elucidated in conjunction with the accompanying
drawings.

Figure 1 shows a schematic perspective view of a
first embodiment according to the invention.

Figure 2 shows a cross sectional view of a second
embodiment according to the invention.

Figure 3 shows the wheel of figure 2 in perspective
view.

Figure 4 shows an enlarged cross sectional view of
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figure 2.

[0023] Figure 1 shows afirstembodiment 1 of a device
for pulsed laser deposition according to the invention.
This device 1 has a target mount 2 with a target material.
A laser beam 3 is directed on the surface of the target
material, to generate a plasma plume 4. This plasma
plume 4 is deposited on a substrate 5.

[0024] A first shield 6 and a second shield 7 are ar-
ranged between the target mount 2 and the substrate 5.
The first shield 6 closest to the target mount 2 has a small
passage opening 8 and the second shield 7 has a some-
what larger passage opening 9.

[0025] The first shield 6 and the second shield 7 are
connected by a peripheral side wall 10, which comprises
anumber of openings 11. The first shield 6, second shield
7 and the peripheral side wall 10 constitute a housing for
arotating wheel 12. This rotating wheel 12 has a passage
opening 13 and functions as a mechanical filter for the
plasma plume 4.

[0026] Figure 2 shows a cross sectional view of a sec-
ond embodiment 20. This embodiment corresponds par-
tially with the embodiment 1 of figure 1. Similar parts are
identified with the same reference signs.

[0027] The device 20 has a target mount 2 and a sub-
strate 5. Between the target mount 2 and the substrate
5 a housing of a first shield 6 and a second shield 7 is
arranged.

[0028] In the housing 6, 7, 10 a hub 21 with vanes 22
is arranged. This hub 21 with vanes 22 is shown in figure
3 in more detail.

[0029] From figure 2 itis clear, that the plasma plume
4 can move freely from the target material 2 through the
passage opening 8, between the vanes 21 and through
the passage opening 9 to the substrate 5. The vanes 21
have a constant thickness, such that no gas flow in the
direction of the plasma plume 4 is generated by rotating
the vanes 21. Although PLD is performed in near vacuum
there will still be some gases present, which could disturb
the plasma plume. By designing the vanes 22 such, that
the vanes will not propel the gases, the plasma plume
will at least substantially not be disturbed.

[0030] In figure 4, the filtering action of the rotating
wheel 21, 22 is shown.

[0031] The laser beam 3 irradiates the target material
2, such that a plasma 23 is generated. This plasma 23
flows from the target material 2 through the passage
opening 8, between the vanes 22 and through the pas-
sage opening 9 towards the substrate 5.

[0032] The plasma 23 is followed by a cloud 24 of un-
desired particles and droplets. By controlling the laser
beam 3 depending on the position of the vanes 22, the
cloud 24 can be wiped away by a vane 22, just after the
plasma 23 passes the vanes 22. The cloud 24 is then
deposited on one of the vanes 22 and the filtering action
is performed.
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Claims

Device for pulsed laser deposition, which device
comprises:

- a substrate mount with a substrate mounting
surface for a substrate;

- a target mount for a piece of target material
arranged substantially parallel to and at a dis-
tance from the substrate mount;

- a laser device for directing a laser beam on a
piece of target material mounted on the target
mount, such that a plasma plume of target ma-
terialis generated and deposits on the substrate;
and

- a first shield arranged between the substrate
mount and the target mount for shielding the tar-
get, wherein the first shield comprises at least
one passage opening for passage of at least the
generated plasma plume; and

- a rotating wheel having at least one passage
opening extending from one side of the wheel
to the opposite side, wherein, seen in the direc-
tion perpendicular to shield surface with the pas-
sage opening, the wheel overlaps with the pas-
sage opening in the shield and the path of the
passage opening in the wheel overlaps with the
passage opening in the shield.

Device according to claim 1, comprising a second
shield arranged parallel to the first shield and on the
opposite side of the wheel, wherein the second
shield comprises at least one passage opening,
which overlaps with the at least one passage open-
ing in the first shield.

Device according to claim 2, wherein the first shield
and the second shield are connected at the circum-
ference by a side wall.

Device according to claim 2 or 3, wherein the pas-
sage opening in the heat shield closest to the target
mount is smaller than the passage opening in the
heat shield closest to the substrate mount.

Device according to any of the preceding claims,
wherein the wheel comprises a hub with a number
of vanes evenly distributed over the circumference
of the hub

Device according to claim 5, wherein the vanes of
the wheel have a transverse cross section with a
uniform thickness, such that the displacement of air
by the vanes is minimized.

Device according claim 6, wherein the number of
vanes is a prime number.
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8.

Device according to any of the preceding claims, fur-
ther comprising a controller for controlling the laser
beam dependent on the position of the passage
opening in the wheel.
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